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Abstract 
The purpose was to determine volatile 
fatty acid concentrations at normal (18 C) 
and high (35 C) ambient temperature, 
and to determine the effect of increasing 
the rumen temperature with an intra- 
ruminal heating coil in an 18 C ambient 
temperature. Four nonlactating, fistulated 
Holstein cows were placed in a climati- 
cally controlled chamber. Treatments were 
(18) ambient temperature ]8.2 C; (35) 
ambient emperature 35 C; (18-43) ambi- 
ent temperature 18.2 C, intraruminal 
coil temperature 43.4 C; and (18-51) am- 
bient temperature 18.2 C, intraruminal 
coil temperature 51.0 C. Analysis of vari- 
ance indicated that significant differences 
(P < 0.05) for acetic, propionic, and 
butyric acids, rumen tenlperature, rectal 
temperature, feed intake, and water intake 
were observed. 
Cows subjected to 18.2 C ambient tem- 
perature~ but whose rumen temperatures 
were increased by intraruminal heating 
coils, consumed significantly less (P < 
0.05) feed and water than cows subjected 
to the other treatments. 
The data indicate that lower ruminal 
volatile fatty acid concentrations which 
occur at high ambient temperatures can- 
not be explained by changes in ruminal 
temperature. 
Introduction 
Present evidence indicates that ruminal vola- 
tile fatty acid concentration is affected by 
ambient temperature. With increases in ambi- 
ent temperatures Weldy et al. (9) showed a 
significant decrease in total volatile fatty acids; 
Received for publication July 18, 1968. 
1 Contribution from Missouri Agricultural Ex- 
periment Station Journal Series no. 5447. Ap- 
proved by the Director. 
changes in acetic acid were largely responsible 
for the difference. This study also showed that 
a decrease of acetic acid resulted in a decline 
in the acetic-propionic (A : P) ratio. Kelley 
et al. (7) also showed a significant decrease 
in total volatile fatty acids when cows were 
in controlled (37.7 C) ambient temperature 
and fed constant amounts o£ feed, but the 
A :P  ratio did not agree with Weldy's ratio. 
Kelley found that water intake was signifi- 
cantly different between 18.2 and 37.7 C, but 
this difference apparently did not account for 
the change in volatile fatty acids. Davis and 
Merilan (5) reported that high ambient tem- 
perature caused an apparent decrease in rate 
of passage of food residue through the diges- 
tive tract. Brody et al. (2) had suggested 
that ambient temperature may affect rumen 
organisms. 
The object of our study was to heat the rumen 
to a temperature similar to that when the ani- 
mal was maintained in an ambient environment 
at 37.7 C. This would permit determination of 
the specific and direct effects of temperature 
on the rumen while keeping the somatic tissues 
at normal body temperature. 
Materials and Methods 
Four rumen-fistulated, nonlactating cows 
were used in the study. The cows placed in 
the University of Missouri Climatic Labora- 
tory (3), were divided into two groups. The 
experimental design is shown in Table 1. The 
rumen temperature was increased by the method 
of Gengler et al. (6). The cows were offered a 
13.6-kg daily ration consisting of 50% alfalfa 
hay ground through a 1.9-cm screen before 
being mixed with 45% coarse ground grain 
and 5% molasses. Grain ingredients were 
410 kg of no. 2 yellow corn, 162 kg oats, 
90 kg barley, 67 kg soybean meal (44%), 
45 kg blackstrap molasses, 11 kg iodized, trace- 
mineralized salt, and 7 kg dicaleium phosphate, 
totalling 904 kg. The complete diet had an 
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TABLE 1.  Experimental design. 
Weeks 
Group 1 2 3 4 5 6 7 8 9 
I (Cows 903 and 460) 35 b 18 a 18 18--43 ¢ 18 18-43 18 18-514 18 
I I  (Cows 773 and 46) 18 35 18 18 18-43 18 18-43 18 18-51 
a Treatment 18, 18.2 C ambient emperature, 50% relative humidity. 
b Treatment 35, 35 C ambient emperature, 50% relative humidity. 
¢ Treatment 18-43, 18.2 C ambient emperature, 50% relative humidity, +43.4 C coil tempera- 
ture. 
d Treatment 18-51, 18.2 C ambient emperature, 50% relative humidity, +51 C coil tempera- 
ture. 
estimated 60% total digestible nutrients and 
13.7% crude protein (air dry). The controlled 
amount of feed was sufficient to meet mainte- 
nance requirements. Feed intake could not be 
controlled by adding uneaten feed through the 
cannula during treatments when the animals 
consumed less than the maintenance r quire- 
ment, because the heating and recording ap- 
paratus obstructed the cannuta. 
The rumen was heated for the entire experi- 
mental week and samples were taken the last 
two days at zero, one, two, and three hours 
after feeding. Samples were strained through 
four layers of U.S. no. 20 cheese cloth. A 
5-ml sample of rumen liquor was immediately 
treated with 1.0 ml of 25% metaphosphoric 
acid. These samples were centrifuged and ana- 
lyzed to determine the concentration of vola- 
tile fatty acids. They were analyzed by the 
method of Baumgardt (1) on a Perkin-Elmer 
881 gas-liquid chromatograph. 
Statistical analysis was by the method of 
Snedecor (8). 
Results and Discussion 
Feed and water intake. The data in Table 2 
indicate that the treatments had a statistically 
significant effect on feed and water intake 
(P < 0.05). Cows subjected to 18.2 C ambient 
temperature, but whose rumen temperatures 
were increased by the heating coils, consumed 
significantly less (P < 0.05) feed and water 
than those subjected to the other treatments. 
To place treated animals (Treatments 35, 
18-43, and 18-51) on equal feed intakes with 
the control (Treatment 18) animals, it would 
be necessary to decrease their feed to less than 
the amount for maintenance r quirements. This 
restriction was not imposed, since it would 
limit any expected ifferences in rumen metabo- 
lism. The difference in feed intake cannot be 
explained, but it may be of physiological 
importance. 
~umer~ and rectal temperature. As expected, 
rumen temperature was significantly increased 
(P ~ 0.05) by increased ambient tempera- 
tures and by intraruminal heating (Treatments 
18-43 and 18-51 Table 3). Rectal tempera- 
tures tended to follow rumen temperature. 
Elevating rumen temperature in Treatment 
18-43 by introducing an exogenous heat load 
of 125 kcal per hour did not affect rectal tem- 
perature. This indicates complete dissipation 
of the additional heat, primari ly by radiation 
and convection, as reported by Yousef et al. 
(10). Treatment 18-51 produced a heat load 
TABLE 2. Feed and water intake, rumen and rectal temperature. 
Treatment 
18 35 18--43 18-51 
Intake 
Feed (kg) 13.15a 13.61a 11.36b 9.37e 
Water  (liters) 37.27a 66.98b 41.12a 20.12e 
Temperature (C) 
Rectal 38.40a 39.15a 38.62a 40.17b 
Rumen 38.03a 39.06b 41.33c 43.68d 
Differences between means with a different letter are statistically significant (P < .05). 
Treatments are described in Table 1. 
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TABLE 3. Concentration zero hours after feeding. 
Pro- Iso- Iso- A : P 
Treatment Acetic pionic butyric Butyric valeric Valerie Total ratio 
(mEq/100 ml) 
18 4.33a 1.08a 0.08a 0.39a 0.02a 0.05a 5.94 4.01 
35 3.25b 0.81a,b 0.07a 0.66b 0.02a 0.08a,b 4.88 4.02 
18-43 5.74c 1.82c 0.06a 1.21c 0.03b 0.11b,c 8.96 3.15 
18-51 3.19b 1.05a,b 0.09a 0.79d 0.02a 0.06a,b 5.20 3.03 
Differences between means with a different letter are statistically significant (P ~ .05). 
TABLS 4. Concentration three hours after feeding. 
Pro- Iso- Iso- A : P 
Treatment Acetic pionic butyric Butyric valeric Valeric Total ratio 
(mEq/100 ml) 
18 6.07a 1.56a 0.10a 0.79a 0.02a 0.19a 8.73 3.88 
35 4.54b 1.16b 0.09a 0.89a 0.02a 0.11b 6.81 3.90 
18-43 7.06c 2.17e 0.07a 1.35b 0.03a 0.17a 10.85 3.26 
18-51 3.68d 1.33a,b 0.09a 0.68a 0.02a 0.10b,e 5.90 2.78 
Differences between means with a different letter are statistically significant (P ~ .05). 
of 300 kcal per hour, which exceeded capacity 
of the animal to dissipate heat, resulting in 
increased rectal temperature. 
tCuminal volatile fatty acid concentration. 
Tables 3 and 4 show the fatty acid concentra- 
tions. Ruminal volatile fatty acids were higher 
three hours after feeding than at zero hours. 
Total fatty acids was highest for Treatment 
18-43 and lowest for Treatment 18-51. Table 2 
shows that the feed intake was lowest for these 
two treatments. 
Acetic and propionic acids were significantly 
different in Treatments 18 and 35 with similar 
feed intakes, but the ambient emperature was 
different. There was also a significant differ- 
ence in Treatments 18-43 and 18-51 for acetic, 
propionic, and butyric acids. Treatment 18-43 
yielded more volatile fatty acids than did 
Treatment 18, whereas water intake was not 
different and feed intake lower. This is the 
reverse of what would normally be expected, 
since the higher feed intake might be expected 
to increase the fatty acids. This suggests that 
ruminal volatile fatty acids, in this case, were 
not solely affected by feed and water intake 
but also by the temperature change. 
The high ambient temperature (35) de- 
creased all acids, in agreement with data of 
TABLE 5. Volatile fatty acids zero hours after feeding. 
Treatment Acetic Propionic Isobutyric Butyric Isovaleric Valeric 
(~%) 
18 72.8 18.2 1.3 6.6 0.3 0.8 
35 66.5 16.6 1.4 13.5 0.4 1.6 
18--43 64.0 20.3 0.7 13.5 0.3 1.2 
18-51 61.3 20.2 1.7 15.2 0.4 1.2 
TABLE 6. Volatile fatty acids three hours after feeding. 
Treatment Acetic Propionic Isobutyric Butyric Isovaleric Valerie 
(u%) 
18 69.5 17.8 1.1 9.0 0.2 2.1 
35 66.6 17.0 1.3 13.0 0.2 1.6 
18-43 65.0 20.0 0.6 12.4 0.2 1.5 
18-51 62.3 22.5 1.5 11.5 0.3 1.6 
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Kelley et al. (7) and Weldy et al. (9). Heat-  
ing the rumen, as in Treatment 18-43, increased 
volatile fatty acids, but heating to a higher 
temperature as in Treatment 18-51 depressed 
them. These changes may have resulted from 
changes in rumen flora, fauna, or enzyme sys- 
tems, or possibly all three factors. Rumen 
temperatures for  Treatments ]8-43 and 18-51 
were higher than would be expected for  cows 
under practical conditions, except for  very warm 
climates. Since volatile fatty acids were as high 
as or higher for Treatment 18-43 than for Treat- 
nlent 18, it appears that rumen temperature 
per se does not account for the lower volatile 
fatty  acids for cows in high (35-37 C) ambient 
temperatures. Yousef et al. (10) have reported 
increased respiration rate and pulse rate and 
decreased thyroxine 131I disappearance rate, 
plasma protein-bound iodine, and heat produc- 
tion for cattle subjected to Treatment 18-51. 
These findings support the concept that total 
body stress may be more important han rumen 
temperature in depressing rumen volatile fatty 
acids, since rectal temperature was not signifi- 
cantly increased in Treatment 18-43 but was 
significantly increased in Treatment 18-51. 
Ruminal volatile fatty acid molar percent- 
ages. Treatment 18 resulted in a higher molar 
percentage of acetic acid and a lower percent- 
age of propionic and butyric acids than in the 
other treatments (Tables 5 and 6). The data 
suggest that increased rumen temperatures 
resulted in a decreased per cent of acetic acid 
and an increased per cent of propionic and 
butyric acids. 
References 
(1) Baumgardt, B. R. 1964. Practical observa- 
tions on the quantitative analysis of free 
volatile fatty acids (VFA) in aqueous olu- 
tions by gas-liquid chromatography. De- 
partment of Dairy Sci., University Wis- 
consin, Departmental Bull. 1. 
(2) Brody, S., H. E. Dale, and R. E. Stewart. 
1955. Interrelations between temperature 
of rumen (at various depths,), rectum, 
blood and. environmental air ; and the ef- 
fects of an antipyretie, feed and water 
consumption. Missouri Agr. Exp. Sta., Res. 
Bull. 593. 
(3) Brody, W. 1956. Climatic physiology of 
cattle. J. Dairy Sci., 39: 715. 
(4) Cunningham, M. D., F. A. Martz, and C. P. 
Merilan. 1964. Effect of drinking-water 
temperature upon ruminant digestion, intra- 
ruminal temperature, and water consump- 
tion of nonlactating dairy cows. J. Dairy 
Sci., 47: 382. 
(5) Davis, A. V., and C. P. Merilan. 1960. Ef- 
fect of constant enviromnental tempera- 
tures and relative humidities oil feed diges- 
tion by lactating Holstein cows. (Abstr.) 
J. Dairy Sci., 43: 871. 
(6) Gengler, W. R., F. A. Martz, H. D. Johnson, 
and L. Hahn. 1970. Method for altering 
intraruminal temperature ill cattle. J. Dairy 
Sci., 53: 484. 
(7) Kelley, R. O., F. A. Martz, and H. D. John- 
son. 1966. Effect of environmental tem- 
perature on ruminal volatile fatty acid 
levels. J. Dairy Sci., 50: 531. 
(8) Snedecor, G. W. 1956. Statistical Methods. 
5th ed. Iowa State College Press, Ames. 
(9) Weldy, J. R., R. E. McDowell, P. J. Van 
Soest, and J. Bond. 1964. Influence of 
heat stress on ruminal acid levels and some 
blood constituents in cattle. J. Animal Sci., 
23 : 147. 
(10) Yousef, M. K., W. D. /~obertson, H. D. 
Johnson, and L. Hahn. 1968. Effect of 
ruminal heating on thyroid function and 
heat production of cattle. J. Animal Sci., 
27 : 677. 
JOURNAL OF DAIRY SCIENCE VOId. 53, NO. 4 
